A mouse melanoma cDNA clone was isolated by virtue of its reactivity with two antisera raised against tyrosinase (EC 1.14.18.1) from two species, hamster and mouse. The cDNA (5A) cross-hybridizes with another, pMT4
The development of the pigmentation of mouse hair is an attractive system for the study of developmental genetics (1, 2) . Normal pigment formation requires correct melanocyte migration during embryogenesis, correct interaction between melanocytes and other cells, acquisition of the correct cellular and subcellular morphology, and the correct activation and function of enzymes. Mutations have been identified in all these processes.
Over past decades, many pigmentation mutants have been identified at a number of loci. Six of them, nonagouti (a), brown (b), albino (c), dilute (d), pink-eyed dilution (p), and piebald (s), are used in specific locus mutagenesis experiments (3, 4) . These experiments measure rates of mutation at different loci due to various treatments and consequently produce new mutant alleles at the loci. At two loci in particular (albino and dilute) genetic analysis of putative radiation-induced deletions has allowed the study of neighboring genes that have effects on development (5, 6) .
Retrovirus insertions have been used to isolate DNA from the dilute locus (7, 8) and from very close to the nonagouti locus (9, 10) . Recently human and mouse cDNAs, identified as encoding tyrosinase (monophenol, L-dopa:oxygen oxidoreductase; EC 1.14.18.1), have been mapped at or very close to the c locus (11, 12) . Such probes should allow the molecular basis of mutations at these three loci to be determined.
There is good biochemical evidence that tyrosinase is encoded at the c locus (13, 14) . I set out to clone the tyrosinase gene by an immunological approach but isolated a gene that, although identified by other workers as mouse tyrosinase (15) , is different from the cDNAs that map at the c locus (11, 12) . I demonstrate here that this gene, encoding a tyrosinase-related protein (TRP), maps at or very close to the b locus. In addition, I present evidence that all b mutations in laboratory inbred strains are derived from a single progenitor.
MATERIALS AND METHODS
Materials. B16/C3 mouse melanoma cells were from Dot Bennett (St. Georges Hospital Medical School) and were cultured as described (16 (17) , and double-stranded cDNA was prepared (18) and cloned in Agtll (19) . The 
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low-gelling-temperature agarose gels, diluted with 3 vol of water, and radioactively labeled with 32P by using the method of Feinberg and Vogelstein (21) .
RESULTS
Identification of a Tyrosinase-Related Gene. To isolate putative tyrosinase clones I employed a protocol that involved duplicate screening of the B16/gtll cDNA library. Approximately 500,000 recombinants were screened initially with RA5, a rabbit antiserum raised against hamster tyrosinase. Five clones, which gave signals of various intensities, were plaque purified and rescreened with a rabbit serum raised against mouse tyrosinase. Two of these five (1A and 5A) gave a strong signal with the second serum. The two cDNAs do not cross-hybridize. Southern blot hybridization with both cDNAs indicated that neither was deleted from DNA of the albino deletion mutants c14C°s and CH (data not shown) and therefore neither was encoded at the albino locus.
Shibahara et al. (15) reported the isolation and sequencing of a candidate cDNA for mouse tyrosinase, pMT4. Clone 5A cross-hybridizes with pMT4 and is clearly closely related to it. However, Yamamoto et al. (11) and Kwon et al. (12) recently reported the isolation of other mouse and human candidate cDNAs for tyrosinase. Kwon (22) . A number of fragments from pMT4 were used to probe Southern blot hybridizations of RI progenitor strain DNAs digested with a number of restriction enzymes. Most probes derived from pMT4 hybridized to more than one fragment, indicating the presence of introns interrupting the coding sequence or the presence of cross-hybridizing sequences elsewhere in the genome. One probe, however, the 256-basepair (bp) Pvu II fragment, nucleotides 682 to 943 of pMT4 (encoding amino acids 187 to 272), hybridized to a single 4.9-kilobase-pair (kb) Taq I fragment in the inbred strains DBA/2J (Fig. la) , C57L/J, and BALB/cBy. This fragment must derive from the locus contained in pMT4. The strains C57BL6/J (Fig. la) and AKR/J have two fragments of 3.7 and 1.2 kb, probably arising from the presence of an additional Taq I site. I refer to the fragment as seen in C57BL6/J as the B haplotype and the fragments seen in DBA/2J as the D haplotype.
I determined the strain distribution pattern of the D and B haplotypes in 21 animals of the BXD RI series (Fig. lb) CBA/Ca have the B haplotype ( Table 2 and Fig. 2 ). These data are not quantifiable in terms of genetic distance, but they certainly suggest that the TRP gene is very close to, and probably identical with, the B locus.
A Cross-Hybridizing Fragment Maps Elsewhere in the Genome. An additional Taq I fragment variant is revealed by using a larger, l1.&kb, HindIll fragment of pMT4 as probe. This probe spans bases 618 to 2186 and includes the Pvu II fragment used as probe in Fig. 1 . It hybridizes to a number of Taq I fragments, including the D and B haplotype fragments (Fig. 2) . The largest of these, a fragment of 12.8 kb, is present in all inbred strains except the related strains 129 and 101/H and strain NZW/LacJ, which have a 9-kb fragment ( Table 2 and Fig. 2 ). The smaller fragment is also present in some mice of the Q stock. This variable fragment segregates independently of the D haplotype through the Q stock (Fig.  2) . Mice Qbl to Qb4 are all brown phenotype and have the D haplotype (4.9-kb fragment). However, Qb3 has the 12.8-kb fragment, Qbl and Qb4 have the 9-kb variant, and Qb2 is heterozygous for both.
These fragments must represent a cross-hybridizing sequence mapping elsewhere in the genome. The location of this sequence is not currently known, nor is it known whether it is a functional gene or a pseudogene. It is not the tyrosinase gene at the albino locus, as it is present in the two albino deletion mutant mouse DNAs from which tyrosine is deleted (unpublished data).
Other Alleles of B. In addition to the old b mutation, there are several other alleles ofB (1) . DNAs from the spontaneous light mutation (B") (24) and from a radiation-induced cordovan mutation (bcH) (4) have been examined and show no differences from wild-type DNA in the fragments hybridizing to probes spanning the whole ofpMT4 (data not shown). Both mutations arose on a B background and are present within the context of the B haplotype.
DISCUSSION
The map location of the TRP gene, the tissue-restricted nature of its expression, and its similarity to tyrosinase strongly implicate TRP as the cause of the black/brown phenotype. This predicts that there are sequence differences between TRP genes from animals carrying different b locus alleles. It is important, then, to note that there is at least one amino acid difference between the protein encoded by the TRP gene of C57BL6 animals (i.e., the B allele) and that encoded by the gene from BALB/c animals (the b mutation) (S. Shibahara, personal communication).
There is concordance between both tyrosinase enzymic activity and immunological reactivity and c locus genotype (13, 14) , and it is likely that the cDNAs mapping at the c locus (11, 12) encode authentic tyrosinase. By contrast, tyrosinase activity in b mutant skin slices is actually higher than in wild-type skin (1, 13, 25) , indicating that tyrosinase is not encoded at the b locus. Similarities of sequence and intracellular location may explain the independent misidentification by two workers of TRP clones as tyrosinase. It Specific-Locus Mutation Experiments. The TRP probe will allow b mutations arising in specific-locus experiments to be studied. Until now, there has been no way that a newly induced b mutation could be distinguished from the old b mutation in the tester stock used to reveal it, and as a result such new mutations have often been discarded. As new mutations are produced on a B haplotype it will now be more straightforward to keep track of the mutation in later generations. It will also be possible to see rapidly if the new mutation is associated with a deletion, and if so it would be worthwhile testing it for a recessive pleiotropic effect.
The difficulties in working with new b mutations have meant that almost no information is available as regards nearby developmental genes. One possible exception is dominant reduced ear (32) , an x-ray-induced mutation in which a recessive b mutation occurred simultaneously with a dominant small-ear mutation. Although now extinct, this was probably a deletion that produced the reduced ear phenotype through haploinsufficiency of a gene linked to b. There is much potential for study of developmental genetics in this region of the genome. 
